Study design: A 6-month follow-up study. Objectives: To investigate the outcome of transanal irrigation (TAI) in patients with spinal cord injury (SCI) and to identify factors significantly related to clinical success. Setting: Survey for community-dwelling patients with SCI in South Korea. Methods: Between December 2010 and March 2012, TAI was initiated with 52 patients (41 men; age: 44.5 ± 11.0 years) with neurogenic bowel dysfunction (NBD). At 1, 3 and 6 months after initiation, a telephone interview was conducted. Data were collected on patient-specific bowel management and TAI performance as a new procedure. Results: Only 18 patients (34%) used TAI for at least 6 months, which was a lower compliance rate than similar studies in some European countries. Relative to the compliant group, the noncompliant group contained a higher proportion of tetraplegia than paraplegia (P ¼ 0.031), and a higher proportion dependent on physical help (P ¼ 0.034). In all, 33 of the 52 patients (63.5%) complained of practical problems with the TAI procedure such as expulsion of the rectal catheter. Fifteen patients (28.8%) presented with adverse effects. The incidence of practical problems or adverse effects did not alter the frequency of patient-reported successful outcome. Conclusion: Korean participants showed a relatively lower compliance rate with TAI. We conclude that TAI, combined with adequate patient instruction and physical assistance, has potential as a management tool for NBD in Korea.
INTRODUCTION
Most spinal cord injury patients (SCIPs) suffer from neurogenic bowel dysfunction (NBD). 1-3 Although this is not life threatening, it reduces quality of life (QoL) and restricts social activities. 4 In total, 39% of SCIPs report that bowel dysfunction negatively impacts their QoL, sometimes profoundly, and 30% regard colorectal dysfunction as worse than bladder or sexual dysfunction. 5 Recent studies have shown that transanal irrigation (TAI) is an efficient method for improving bowel function and QoL in SCIPs. 1, 2, 4, 6 In addition, TAI is more cost-effective than conservative bowel management. 7 The majority of research on TAI has been conducted in European countries 1-4,6-8 and there have been very few studies on this topic in Asia. In South Korea, TAI is rare in clinical practice and has engendered few research studies. In one study of bowel dysfunction in Korea, it was found that 2.9% of respondents used warm water TAI to stimulate defecation by pouring 500 to 1000 ml of warm water into the rectum, using a simple enema set. 9 In these cases, the enema procedure was not taught by medical personnel but by peer SCIPs, and the commercially available TAI devices were not used. This might be because TAI procedures are not reimbursed by the national health insurance system in South Korea. Moreover, a TAI device is too expensive (about USD 250) for many SCIPs and the frequency of medical consultation for bowel dysfunction is relatively low. 10 It appears that for Korean SCIPs, bowel care habits are very individualized 10 and the choice of method is markedly influenced by the patient's sociocultural environment. 11 Moreover, as health-care systems vary widely between countries, this can be expected to influence the bowel care habits of SCIPs.
The aim of this study was to investigate the outcomes of TAI use by SCIPs in Korea with the objective of identifying factors significantly related to patient-reported success.
MATERIALS AND METHODS
From December 2010 to March 2012, patients were recruited from one academic tertiary care hospital and two rehabilitation hospitals. Inclusion criteria were: (1) at least 18 years old; and (2) suffered a spinal cord injury (SCI) at least 6 months before enrollment and presented with NBD and unsatisfactory bowel management. For this study, NBD with unsatisfactory bowel management was defined as: (1) taking at least half an hour over attempts to defecate; or (2) had fecal incontinence; or (3) experienced symptoms of autonomic dysreflexia related to defecation. 4, 6 Exclusion criteria were: (1) a history of depression or related disorder; (2) alcohol abuse; (3) a history of colon disease unrelated to SCI (such as inflammatory bowel disease or bowel obstruction); (4) a history of major abdominal surgery; (5) a history of central nerve system disease unrelated to SCI; or (6) previous treatment with TAI.
In all, 57 SCIPs expressed the intention to participate in the study and 52 were finally accepted. Of the five rejected, three never performed TAI, one was hospitalized for pyelonephritis unrelated to TAI and one did not participate in the telephone interview (Figure 1 ).
Study design
Eligible SCIPs were admitted to the study after completion of a written informed consent, records of personal information and medical history included details of intestinal function at initial assessment. Participants and caregivers were instructed by a trained investigator in the outpatient clinic on the use of the TAI device using a rectum model. Participants were encouraged to seek advice by telephone, especially at the initiation of training. Furthermore, an investigator blinded to the study design performed a frequent telephone interview with the participants and routinely referred any treatmentrelated questions to the responsible researcher.
The research questionnaire was conducted by telephone at 1, 3 and 6 months after entry. Participants who expressed a wish to stop treatment were withdrawn from the study (Figure 1 ).
Transanal irrigation
The Peristeen Anal Irrigation System (Coloplast A/S, Humlebaek, Denmark) was used for bowel management. The catheter is inserted into the rectum and the balloon inflated to hold the catheter in place while warm tap water is slowly administered. Subsequently, the balloon is deflated and the catheter removed. The initial treatments were with 500 ml of water and this was could be increased by 100 ml day À1 to a maximum of 1000 ml. The volume of water used and the frequency of TAI were adapted to individual patient needs during the first several weeks of treatment.
Questionnaire
The survey included questions on age, sex and bowel care habits, as well as information on the date, type and cause of SCI. Data on the frequency of defecation, awareness of the need to defecate, main defecation method and the average time required for defecation referred to the international bowel function basic SCI data set. 12 The average time required for defecation was assessed on a five-step scale (1:p10 min, 2: 11-20 min, 3: 21-30 min, 4: 31-60 min and 5:X61 min). The frequency of defecation was assessed on a six-step scale (1:X3 times per day, 2: 2 times per day, 3: 1 time per day, 4:42 times per week, 5: 2 times per week and 6: 1 time per week). Data on intestinal symptoms and the need for assistance during bowel management were also collected. Self-reported impact of bowel dysfunction on QoL was measured by qualifier scales used in the International Classification of Function, Disability and Health (0: no problem, 1: mild, 2: moderate, 3: severe and 4: complete). 13 Patient satisfaction and impact on QoL were assessed on numeric rating scales: satisfaction of TAI (range, 0-10, with 10 representing perfect satisfaction), impact of TAI on QoL (range, 0-10, with 10 representing strong positive impact). Need for assistance during TAI, practical problems, adverse effects and any other reason for withdrawal were also recorded.
Statistical analysis
Statistical analysis was performed to examine the significance of factors predicting successful use of TAI. Chi-squared and Mann-Whitney tests were used for comparisons between patients who complied with TAI use and those who ceased TAI use during the study period. For the compliant group, the Wilcoxon signedranks test was used to analyze the differences between assessment parameters at entry and at 6 months. Significance was set at a P-valueo0.05. All analyses were computed using SPSS 20.0 (IBM Corp., Armonk, NY, USA).
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RESULTS
The mean age of the 52 enrollees at application was 44.5 ± 11.0 years and 41 (78.8%) patients were men. Table 1 shows details of patient baseline demographic data. Bowel care habits at enrollment are listed in Table 2 .
Final outcome
Among the 52 patients, compliance with the use of TAI at 1, 3 and 6 months was 31 (59.6%), 25 (48.1%) and 18 (34.6%) patients, respectively (Figure 1 ).
Comparing the compliant group with the noncompliant group Comparing the 18 compliant and 34 noncompliant patients at 6 months, the noncompliant group contained a higher proportion of tetraplegia than paraplegia (w 2 test; w 2 (1) ¼ 4.661; P ¼ 0.031) and a higher need for assistance during bowel management (Fisher's exact test; P ¼ 0.034). After 6 months, 6 out of 28 (21.4%) tetraplegic patients and 12 out of 24 (50%) paraplegic patients were using TAI. There was no significant difference between these two groups in parameters such as age, sex, time since injury, cause of injury, average time required for defecation, frequency of defecation, constipation and incontinence. The noncompliant group also showed a borderline higher need for assistance during the TAI procedure (Fisher's exact test; P ¼ 0.076); however, there was no difference between the groups in the incidence of practical problems or adverse effects (Table 3) .
Effects of TAI on bowel management at 6 months after initiation of procedure The performance of TAI in the compliant group is listed in Table 4 . Relative to baseline measurements, this group showed a decreased defecation time and an increased QoL (Wilcoxon signed-ranks test; P ¼ 0.005, P ¼ 0.003, respectively; Table 5 ). The 11 patients who were dependent on physical assistance for defecation at enrollment remained dependent on physical assistance for TAI after 6 months. One patient who was independent for bowel management required assistance for the TAI procedure.
Feasibility of TAI for extended periods of bowel care
Of the 52 enrollees, two individuals spent 412 h of the day on defecation. Typically, they used full daytime on bowel care. These particular SCIPs had refused treatment by colostomy. 14 Only one continued to use TAI and this individual showed a decreased defecation time after 6 months (61-90 min).
Reasons for withdrawal
Withdrawal rate was highest during the first month as was noticed in previous studies. 2 Practical problems, time consumption and adverse effects as reasons for withdrawal were especially found in early stages (Figure 1 ). 6 When comparing the 34 patients who dropped out, 10 because of not being effective and 24 for other reasons, there was no significant difference between tetraplegia and paraplegia. Of the 10 patients who found the procedure ineffective, 7 (7 out of 22, 31%) were tetraplegic and 3 (3 out of 12, 25%) were paraplegic. Although the percentage of tetraplegia was higher, there was no statistically significant difference.
Practical problems and adverse effects
Of the 52 enrollees, 33 (63.5%, tetraplegia:paraplegia ¼ 16:17) reported practical problems with the TAI procedure at 1-month after entry. The most common problem was expulsion of the rectal catheter, which occurred in 25 individuals (Figure 2 ). In addition, 15 participants (28.8%, tetraplegia:paraplegia ¼ 8:7) presented with adverse effects at 1 month and abdominal pain or discomfort was most frequently reported (Figure 3 ). There was no significant difference between tetraplegia and paraplegia.
DISCUSSION
In this study, successful outcome with TAI was achieved in 34.6% of participants at 6 months. This percentage is lower than reported previously, 1,2,4,6,8 although this might be due to differences in patient demographics, comorbidities and study duration. The dependency on others is an important consideration in this study, because those who did not continue with TAI were disproportionately from the tetraplegia group rather than from the paraplegia group. Noncompliant group also showed higher need for assistance during bowel management. The low success rate with TAI in this study could also be explained by the nature of the Korean health-care system. For example, TAI is not reimbursed by the Korean national health insurance program, meaning that participants had to cover all the expenses of the TAI device after the study had been completed, which could result in a lower degree of satisfaction. In addition, personal assistants are supplied for only 250 h per month and they are not well trained for bowel care in SCIPs in Korea. This might increase the dropout rate. In this regard, some SCIPs consider bowel dysfunction a strictly personal matter and therefore refuse outside help. 10 The SCIPs with this attitude might try more not to put the pressure on their caregivers. Therefore, more national insurance support for SCIPs and targeted training in the management of SCIPs will be needed before TAI can progress into common usage.
In previous studies with the Peristeen system, poor dexterity or a dependency on others for bowel management did not restrict the use of TAI. This was because of the special features of the Peristeen system, which was designed for self-administered TAI by immobilized patients and patients with poor dexterity. 1, 6 However, in this study, there was a relatively high ratio of tetraplegics to paraplegics and great need for physical assistance in the noncompliant group. This appears to be related to the limited support for SCIPs from Korean government funds and also reluctance by Korean SCIPs to burden their caregivers.
At the 6-month follow-up, the compliant group showed a decreased defecation time and an increased QoL, relative to baseline, and these were in agreement with previous studies. 1, 4, 6 Eleven SCIPs who needed physical help for bowel care before TAI showed no change after TAI, and one patient who acted independently for bowel care before study entry required physical assistance with TAI. In a previous study, 15 of 36 patients using TAI reported a decrease in the need for physical help, whereas there was no detectable change for 21 individuals. 6 Given that the TAI device was designed for self-use, it is difficult to understand why many SCIPs do not use it independently at present.
Of the 18 patients who continued to use TAI for at least 6 months, one spent 2 days per week and up to 12 h per day on bowel care. His refusal of a colostomy is consistent with the fact that Koreans tend to avoid colostomy unless it is inevitable. 9 The refusal to undergo colostomy for SCI-induced neurogenic bowel disease was also reported in a previous Korean study. 10 Although a colostomy is a well-accepted treatment for NBD, 14 ,15 it appears to be less well accepted in Korean culture. 11 As TAI has been suggested for disordered defecation before any irreversible surgery, 16 it could function in this way before conducting colostomy.
Practical problems with TAI were reported in 63.5% of participants and for 48.1% the problem was expulsion of the rectal catheter. Previous reports have described expulsion of the rectal catheter during irrigation in approximately 25% of patients. 1, 6 Catheter expulsion is to be expected in patients with supraconal SCI, as they often have reduced rectal compliance and hyperreactivity to distension. 17 Our study showed a relatively high overall rate (48.1%) of catheter expulsion; however, only 12.5% of the 34 persons in the dropout group chose this problem as the cause of discontinuance. From the 52 participants, 15 (28.8%) presented with an adverse effect, and this was a lower rate than in previous studies. 2, 6 In all studies, abdominal pain or discomfort was the most commonly reported problem. However, neither adverse effects nor practical problems were the main cause of study dropout. Indeed, only 14.5% of our dropouts stopped because of an adverse effect, and this is similar to another study where only 12% of patients dropped out because of a side effect. 2 In that study, it was suggested that because of the major increase in QoL measures, patients will ignore side effects when colorectal function is improved, and this might also explain our data.
Finally, regular home education by specialized medical personnel might improve the success rate, although this was not studied here. More active intervention may be needed for SCIPs and their caregivers who are accustomed to current methods for defecation. The current need for physical assistance and practical problem during TAI might be ameliorated by such interventions.
CONCLUSION
In this study, 18 of 52 (34.6%) Korean participants continued to use the TAI system at 6 months after entry, which was a lower level of compliance than observed in some European countries. The dependency on others is an important factor related to compliance in this study. Practical problems with the equipment or adverse effects of TAI were not responsible for low compliance. We conclude that TAI could be an efficient management tool for NBD of SCIPs in Korea, given adequate assistance and instruction.
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